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AGASP 1 aircraft flights April 1983 and Snow Samples 1982-1983

Soot in the Arctic Snowpack:
A Cause for Perturbations of Radiative Transfer

Fig. 1. Map of Arctic sampling locations for the University of Washington atmospheric (‘) aircraft samples and snowpack

samples for 1983 and 1984.
(@) samp 1983
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Fig 1. Time series of aerosol absorption SCATTERING, COEFEIRIENT (mic) X

coefficient (¥), scattering coefficient (9) and Fig 2. Plot of aerosol absorption coefficients vs.
single scattering albedo () for UW Arctic haze scattering coefficients for UW Artic haze flights
flights. See text for description of identifier including regression line. Flagged data from Table
label code and Table 1 for data description. 1 are excluded and letter symbols refer to air
Flagged data from Table 1 excluded. mass types discussed in text.
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Use of wavelength dependence of Absorption to separate Soot and Dust Absorption

Soot in the Arctic Snowpack:
A Cause for Perturbations of Radiative Transfer

Soot filtered from snow Dust from stream-flow
from above tree-line above tree-line
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Fig. 2. Wavelength dependence of absorption (Al/1,)
by filters of a fresh snow sample (AB10) and a river
runoff sample (AB34) from above treeline in remote
Fig. 3. Scanning electron photomicrographs of samples indicated in Fig. 2. (A) Snow extraction showing dominant soot Sweden in comparison to that for calibration soot

particles and occasional crustal material (circled) and (B) river runoff of above treeline snowmelt showing locally derived (M71) and volcanicash (VA) from El Chichon (see Fig
crustal material and occasional soot particles (circled). 3).




Soot in the Arctic Snowpack:
A Cause for Perturbations of Radiative Transfer

Fraction of absorption
due to soot (estimated)
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Fig. 4. Wavelength dependence of absorption (Al/I,) soot and the frequency distribution of the measured
normalized to absorption at 525 nm for examples from slope (Of normalized absorption between 535 and

various Arctic locations (Table 1) in comparison to the EC i
reference M71 and El Chichon volcanic ash (VA). 660 nm) as a function of slope value.




Table 1. Summary of sample data for Arctic snow collected in 1983 and 1984.

BC in Snow from

1D Date Snow pH Cond. Vol Slope M71 Max. EC| Est. EC | Est./Max.
code UMHO  (ml) (ugem?)  (ngg™")| (ngg™")
BAOI 830413 NF 610 22200 300 —129 2.89 206 13.5 0.66
BAO2* 830413 NF 6.15 7347 -225 1.00 6.2
BA — Barrow BAO3 830413 WB 550 6450 338 —085 442 280 245 0.87
BAO4 830413 WB 5.50 3660 308  —129 697 484 317 0.65
BAOS 830413 WB 5.60 7170 330  —098 2.84 184 14.9 0.81
CA — Ca N ad a BA06 830420 FR 5.50 1950 180  —042 202 240 24.0 1.00
BAO7 830420 WB 5012 11100 253 —0.89 5.04 426 365 0.86
G R > G reen Ia N d BA0S 830420 FI 561 3760 328 —088 2.78 18.1 15.6 0.86
BA09 830420 FI 5.51 2290 333 —149 2,05 132 73 0.55
BA10 830420 FI 5.70 267 316 —148 32 218 122 0.56
IF — |Ce Fl oe BAII 830420 FR 480 1820 180  —0.69 533 63.4 60.4 0.95
BAIS* 840313 FR 5.19 127 153 =123 0.73 10.2
. BAI19 840310 FI 650 15800 281  —143 2.60 19.8 115 058
SS — SpIthergen CAO1 831215 WB 5.90 83 173 —102 12.22 151.2 1196 0.79
CA02 831111 FW 5.80 45 204 —097 8.88 93.2 76.0 0.82
AB_ AblSkO Sweden CAO3 831103 FR 6.30 72 —158 1.41 419 214 0.51
. CAO4 831103 NF 6.85 594 123 —163 9.24 160.8 78.1 0.49
’ : CA07 831118 FW 6.80 68 84  —260 1.64 418 0.0 0.00
HH 3 Hurncane H||| (WA) CAO8* 831117 FR 6.12 40 150 0.09 092 13.1
CA09 831102 NF 6.07 159 65  —16l 7.83 257.8 127.0 049
CAll 831128 WB 5.80 44 194 —174 3.24 357 154 043
CA14 831210 FR 5.98 57 190  —176 3.66 412 17.3 0.42
GROI 830516 SP 592 308 290 —0.64 118 8.7 8.5 098
GRO3 830516 SP 5.70 292 347 —180 174 10.7 43 040
GR0O5 830516 SP 567 259 326 -0 047 3.1
B C GRO7* 830516 SP 5.79 119 333 =326 0.18 12
Greenland (4300 m alt) GRO9* 830516 SP 5.80 132 312 —260 031 2.1
GRI2* 830423 FW 5.51 183 248  —198 072 6.2
GRI6* 830516 SP 597 5690 295  —135 026 19
WaS Iowest at 2ng/g GRI9* 830516 SP 5.75 144 289  —1.12 026 19
GR21* 830516 SP 5.59 159 300 —131 027 1.9
IFO1* 830715 FR 6.50 701 200 2.96 0.06 0.6
IF02 830715 NF 6.18 827 306 —1.08 262 183 13.9 0.76
1IF04 830715 NF 7.60 208 373 —0.68 9.21 528 508 0.96
IF05 830715 NF 6.80 251 447 —131 175 8.4 54 0.64
. IF07 830717 FR 6.80 1154 199 —098 8.67 932 755 0.81
Typ ICa I a b ou t 2 5 N g/g IF08 830717 FI 6.00 1145 303 —0.63 8.67 612 603 098
IF09 830717 FR 6.30 3660 196  —101 5.79 632 503 0.80
IF11 830717 NF 630 225 452 —090 3.66 17.3 14.8 085
) 830507 FR 6.00 41 129 220 203 34.0 6.7 0.20
$S03 830511 FR 5.62 54 212 —0.60 337 340 339 1.00
. SS04 830508 FR 5.40 99 245  —120 3.52 307 215 0.70
Albedo reductlon expected at 1 _3% $S05 830512 FW 6.10 138 250  —028 607 520 520 1.00
SS06 830504 FR 5.39 254 151 —060 3.39 480 48.0 1.00
$S07 830430 WB 520 60 250 —121 3.49 300 209 0.70
SS08 830430 WB 5.60 123 225  —068 3.68 350 335 0.96
SPOI* 840225 FW 5.10 28 144 18] 092 234
SP02* 840308 FR 525 65 8  —399 0.19 8.1
SP03* 840308 FR 5.15 338 132 —208 0.63 17.5
SPO4* 840311 FR 4.70 83 96 —160 0.95 362
SPOS* 840221 FR 5.00 139 136  —483 0.17 4.60
ABO6 840328 FR 461 118 153 —0.66 0.95 455 44.1 097
ABO7 840328 FR 480 1.1 160  —062 3.52 77.90 770 099
ABI0 840330 FR 481 91 167 —126 0.60 13.20 8.8 0.67
ABI1 840330 FR 470 107 100  —042 0.91 32.00 320 1.00
AB16 840409 FR 4.60 153 219 —027 225 36.60 36.6 1.00
AB17 840409 FR 465 107 119 079 1.08 32.90 297 0.90
ABI8 840413 FR 495 61 189  —106 0.72 13.20 102 0.77
ABI9 840413 FR 482 83 183  —L10 125 3430 257 0.75
HHO4 840329 NF 5.65 309 295 —132 332 24.1 15.4 0.64
. . . HHO07 840329 NF 561 243 309 —0.70 153 10.6 10.1 095
Soot in the Arctic Snowpack: HHO08 840329 5.52 43 —0.64 3.99 18.9 18.5 0.98

A Cause for Perturbations of Radiative Transfer

*Low absorption, EC not estimated from slope.

The snow code refers to snow conditions, fresh (FR), non-fresh (NF), windblown (WB), fresh windblown (FW), firn (FI) and
snow-pit (SP). The total sample absorption is expressed as equivalent surface concentration of M71 ugcm™? to get the
maximum uncorrected mixing ratio of equivalent EC, MAX. EC (ng.g) which is then corrected using the slope of the wavelength
dependence (see text) to get an estimated EC mixing ratio, EST. EC (ng.g). The last column is the fraction of the total absorption
attributable to EC.
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Monthly Radiative Forcing for Snow Albedo Reduction . compared to Artic Haze

Table 2. Comparison of impacts of reduced snow albedo due to soot upon Arctic
radiation budget during winter and spring months including similar calculations
for atmospheric Arctic haze (after Cess) Over Season

Irrad. (Wm™?) Feb. . Apr. May June July
Forcing

Atmos. Haze Forcing Q* Top 5.0 415.0

AQ* Top 1.8 . 8.2 19
g T > AQ* Surf. ~0.3 . 3 —33 . ets.

Albedo Forcing 01 W/Cloud 6.9
Normal Cloud >>> AQ Snow 0.1 j ; 5.2

Qt Clear 6.9
| AQ Snow 0.1 ' : 6.4

Albedo Forcing
Ideal Clear >>>

*Data after Cess (1983) for atmospheric Arctic haze.
+ Data after Fletcher (1965), Cloud (measured W/cloud), ciear (ideal cloud free).
tBased on snow cover for half of July only.

About 3 times Flanner(2006, Fig. 6) est. for BC 1998-2001, consistent with higher emissions in 1983




EC (show) EC (air)

Scavenging Ratio

ey | SR= 97 +/- 34

1.0
sl @ AIR
0.6 ()
0.4 () ()
624 ®
o

00 T T v 1 T L

80 90 100 110 120
80 =

R o po
60

| o SNOW e.B

l * 4 e
404 @ o o

1 1 - I. °

- * o ] @

. 1 . G

A []

0 +rrrrrrvrrorr T T TrTTTTT [.,ﬂ-v—v-ﬁﬂ-
80 90 100 110 120
180 i
160 -
140
120-::::::::::’::::::::::::::::::::::::':':':':':':':':"
100 o - T e T T T T

BO v o e e e e e e |
60:..‘. ' ........ ‘ ...........
40-.

20-_'

0 T T T T T

80 90 100 110 120

Julian Day

Soot Scavenging Measurements for Arctic Snowfall
Neoone, 1< J., A D). Clari<e
Atrnosonerc Environmert, 22, 12, 27713, 1958,

A-Abiskosuolo (350m) P-Paktajakka (440m)
V-Vassijaure (650m) R-Riksgransen (600m)

xsS04 + NO3

100
Julian Day

SR - SO4 here ~ 175
SR - SO4 Greenland, Davidson 1987 100-200



Summary for Early 1980’s — March April

Arctic Haze Absorption Range Typical 1-10 Mm-1 or 100:— 1000ng/m3
=]®

Single scatter albedo of haze (550nm) about 0.86 +/- 0.05

Soot in snow was about 2 — 50 ng/g typical, 25ng/g avg.

Albedo reduction due to BC estimated about 1-3%

Seasonal Forcing in Snow equivalent to atmoesphere and additive.

Scavenging Ratio of Atmospheric Soot to Snowrfall
about 100 +/- 35 (limited data) -- [ 100 — 200 7]

Russia and North America major sources at Barrow 1983




Soot Scavenging Measurements for Arctic Snowfall

MNoorig, 1€ J., A, D, Clarie
Atrriosprigric Environrmsri, 22, 12, 2773, 1933,

Table I Data 321 for the Absko, 1984 sampling campaign

ID  Loczation Julian day  Volume Cord pH EC({awr) EC(air) EC{snow) EC(snow) WR Q- NO; SOi- Ng*® K~ NHS H” xs SO Z.-X.)/E.
(ml meft) {uScm ¥ (ugm ) (ugm ) {(uge " melth (ugd  "melt)
{max.) (es1) (max.| (esl) (uM) (M) (uM) (MY (aM) (uM) M)

4 A 24 152 15058 480 093 063 04 S04 7007 1585

[ P as 153 LLE0 461 o7 070 454 440 £1.27 1824 11.51 1120 1566 a9 197 24.5¢ 12.26 ~ 003
7 R is 160 ALY 4 80 052 0nsz 179 771 191,70 149 0 655 1L 12431 276 115946 1584 5.60 00
10 P S0 167 S0 a8 021 0zl 132 L3 5418 919 144] S10 76 .56 10.14 S98 154 0.51 ao0s
L R L] L] 106s 4 0sy 0.57 120 20 7299 6136 1= 1000 S4.81 6as 768 1545 L | a0z
6 P 100 219 150 460 am 027 J&6 66 175.27 16420 1462 1826 140894 | 84 1954 25.12 980 ~ 00T
17 v N 19 1065 405 023 023 119 196 L6640 162.17 45 17 136.20 a9 i 22.3% K.95 a0ns
T [ 189 a0 493 044 042 112 2 1180 14 959 0 1262 003 1197 11,22 (116 a1t
19 v I 183 K28 482 a2l 0w 41 287 8521 4004 45 LT j4 47 | B4 1596 15.14 64 a0
0 P 1 226 510 20 006 005 18 "1 81.89 10744 1.22 Xy 9222 5.23 798 631 1.53 003
- 3 149 1050 5.24 Q03 00 24 *24 10344 11149 262 740 5T 12.44 997 575 1.66 002

The location wdentification codes are A— Abiskosuoclo, P—Paktajikka, R—Riksgransen, V-- Vassijaure. Data were taken during March -April. The EC (air} and EC (snow) values delimited
with an astersk had absorption values too low for the correction procedure to be applied. For these values, it was assumed that all of the absorption was due 1o soot.

Correlation Matrix

EC (air) H+ EC (snow) xs SO4=
1

.596
.425
-.493
-.543
.067
.686
593
052




